Summary. A previously published study of 4 rams, 3 of them tetraparental chimaeras, has been extended. All were born subsequent to transplantation of separated blastomeres into intact 4\p=n-\8-cellembryos which were transferred to recipient ewes. All were phenotypically normal males. Study of blood lymphocytes and red cell antigens showed that two were XX/XY chimaeras, one an XY/XY chimaera. Chimaerism was not identified in the 4th animal. The new data show that the previously reported decline in proportions of red cells derived from the one cell line has continued, although the proportions of lymphocytes entering mitosis in culture have remained nearly constant. A decline of potassium concentration in the red cells of one animal and of transferrin type in another also continued.
Introduction
Tucker, Moor & Rowson (1974) described three tetraparental sheep chimaeras produced by transplanting blastomeres into other embryos of different parental origin. The three sheep thus produced were phenotypically normal males although two of them were sex chromosome chimaeras having female cells present. Each ram showed a mixture of blood types which could only have been derived from both sets of parental genes, and it was concluded that these sheep were tissue chimaeras which had cells of both blastomere and egg donor origin. In a fourth ram in this series chimaerism was not identified and this animal apparently possessed blood group genes derived entirely from the transplanted blastomere cells. The main objective of the present investigation was to determine by breeding experiments whether genes of blastomere and/or egg donor origin were transmitted by these rams to their offspring. It was known by analogy with work on tetraparental mice (Mintz, 1968; Mullen & Whitten, 1971 ) that the ram which was an XY/XY chimaera could transmit both types of parental genes to his offspring, whereas the XX/XY chimaeras would only pass on genes derived from the male population of cells. In the initial studies of these sheep chimaeras it was noticed that the relative proportions of the two populations of red cells were changing with time. The present paper extends this study to show that the changes continued over a period of 5 years.
Materials and methods

Sheep
Blastomeres from embryos at the 4-8-cell stage of development derived from the mating of Finnish Landrace ram (E34) with a Welsh Mountain ewe (W952) were transplanted into embryos of the same age derived from the mating of a Suffolk ram (517) with another Welsh Mountain ewe (W827). The injected eggs were transferred to host mothers and the resulting offspring (Nos 8, 44, 47 and 46) were the rams used in the present study. Further details have been given in the previous paper (Tucker et al, 1974) .
Serology and electrophoresis
The methods used for blood-typing the sheep have been described previoulsy (Tucker et al, 1974) . Determinations of the relative proportions of the two red cell populations in a chimaera were made by differential haemolysis using specific blood-typing reagents (Dain & Tucker, 1970 (0·3 µg/ml)). The cell suspension was pipetted off and incubated at 28-31°C for 20 min. After centrifugation at low speed the pellet was resuspended in the acetic acid-methanol fixative. Three further changes of fixative were made before the suspension of cells was spread on ice-cold glass slides and air dried. The slides were stained with Giemsa.
Tissue from the normal ram was taken immediately after death at the slaughterhouse and pro¬ cessed in the same way.
Results
Blood types
The blood types of the two sets of parents giving rise to the rams used in the present study are shown in Table 1 . The informative blood types of the blastomere donor (b line) parents were albumin type W, transferrin type D and red cell antigens and N', all of which were absent in the egg donor (e line) parents. The latter had transferrin and antigens A, B' and R not found in the b line. It was the presence of these diagnostic factors that had made it possible to trace the parentage involved in the rams (Tucker et al, 1974 
The types underlined are unique to the blastomere or egg donor.
These 4 rams were mated with ewes of known blood type and the resulting lambs were typed at weaning. Only those types which could not have been derived from the mother were considered. (Tucker et al, 1974) and, as expected from the decline in the b line judged by antigen types ( 
Karyotypes
In the previous paper (Tucker et al, 1974) it was shown that at 6 months of age Rams 8 and 47 had 89 and 34% 'female' lymphocytes respectively. The other two rams had no 'female' cells de¬ tectable. The karyotypes of cultured peripheral blood lymphocytes were determined on several occasions during the next 5 years. When the breeding experiments were completed, the three chimaeras were slaughtered. The macroscopic appearance of the testes and external male reproductive organs appeared to be normal : since the rams were fertile, the internal genitalia were not examined. Samples Popescu (1973) that many polyploid spermatocytes in meiotic metaphase may be artefacts of the preparation.
Sex ratios in offspring
The two XX/XY chimaeras (Rams 8 and 47) gave rise between them to 18 males and 9 females, whereas the XY/XY chimaera (Ram 44) produced 7 males and 6 females. Ram 46 (XY) also gave rise to twice as many males as females (10 :5). The differences from the normal sex ratio were not significant ( 2, > 0-05) (Mintz & Palm, 1969) and the most likely explanation would be selective advantage of one population over another. On the other hand there has never been any evidence in 'naturally occurring' sheep chimaeras due to uterine placental vascular anastomosis that the percentages of the two red cell populations change with age (Dain & Tucker, 1970; E. M. Tucker, unpublished) . In contrast to the findings on the red cell populations, no change was observed in the relative proportions of XX and XY lymphocytes in the 2 XX/XY rams over 5 years. More than one expla¬ nation can be put forward to account for this disparity between two cell types (erythrocytes and lymphocytes) which are generally supposed to have originated from a common stem cell. It could be due to the differing selection processes which operate on the two cell types during differentiation or it could merely be the result of the difference in the life spans of the two cell types. The thymus-derived lymphocyte (at least in man and mouse) is a long-lived cell (see White, 1975) , and it could therefore take several years before any selection process became apparent; indeed such a selection may account for the very slow change already observed in the proportions of XX and XY lymphocytes in naturally occurring heterosexual twin chimaeras over a similar period of time (Dain, 1974) .
